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1. double $\mathrm{P}$ .
2. $\mathrm{P}$ double $\mathrm{Q}$ .
3. $\mathrm{R}$ .
4. $\mathrm{Q}$ $\mathrm{R}$ , .
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2. $n\cross n$ , $X$ .
3. , $X$
$\mathrm{Y}$ . , $X$
$Z$ .
4. , $B=\mathrm{Y}D\mathrm{Y}^{T}$ .
, $C=XDZ$ .
5. $B,$ $C$ double $B’,$ $C’$ .
, . 4.






2. Jacobi , $D$
3. , 2. .
33 3 /2
Lanczos 3
.[16] , Lanczos .[8]













$\lambda_{j}$ , $x^{[j)}$ .
$\lambda_{j}=b+2\sqrt{ac}\cos\frac{j\pi}{n+1}$ $(1 \leq j\leq n)$ ,
$x^{(j)}=[ \sin\frac{j\pi}{n+1},$ $\sqrt{\frac{a}{c}}\sin\frac{2j\pi}{n+1},$ $\cdots,$
$( \rho_{\frac{a}{c}}^{n-1}\sin\frac{nj\pi}{n+1}]^{\mathrm{T}}$ .
3













$\lambda_{j}=4\sin^{2}(\frac{2j-1}{2(2n+1)}\pi)$ , $j=1,2,$ $\ldots,$ $n$
,
$x^{(j)}$













$k^{\gamma}x\text{ }$ . $L^{-\mathrm{T}}$ g Eg
$\sigma_{j}$ $=$
$\frac{1}{2\sin(\frac{j\pi}{2(n+1)})}$








$::$ : $-11)$ ,
5
$\tilde{L}^{T}$ ,
$\sigma_{j}=2\sin(\frac{2j-1}{2(2n+1)}\pi)$ , $j=1,2,$ $\ldots,$ $n$
,
$x^{(j)}$








, $j=1,2,$ $\ldots,$ $n$
,
$x^{(j)}=[ \sin(\frac{n(2j-1)}{2n+1}\pi),$ $\sin(\frac{(n-1)(2j-1)}{2n+1}\pi),$ $\cdots,$ $\sin(\frac{2j-1}{2n+1}\pi)]^{\mathrm{T}}$
.
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$\mu_{n}$ $A\otimes B$ $\lambda_{i}\mu_{j}(i=1, \ldots, m:j=1, \ldots, n)$





$w_{n}$ Kronecker $A\otimes B$ $v_{i}\otimes w_{j}(i=1, \ldots, m:j=1, \ldots, n)$
.
$(A\otimes B)\cross(v:\otimes w_{j})=(A\cross v_{\mathrm{t}})\otimes(B\cross w_{j})=(\lambda_{i}v_{i})\otimes(\mu_{j}w_{j})=(\lambda_{1}\mu_{j})(v_{1}\otimes w_{j})$
, $\cross$ . $(A\mathrm{x}v_{i})\otimes(B\cross w_{j})=(\lambda_{i}v_{i})\otimes(\mu_{j}w_{j})$
, [9] . , $A\otimes B$ , $A^{-1}\otimes B^{-1}$ .
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Kronecker $\otimes$ ,
$U=,$ $V=,$ $W=U\otimes V=(_{gj}^{aj}$$djaldlgl$ $amdmgmdkgkakhjejbjhlelbl$ $hmembmhkekbkfjcjflijclil$ $fmcmimfkckik$ ).
$W$ .
1. $U$ $V$ ,
$f(x)=\det(U-xI)$ $=$ $-x^{3}+(a+e+i)x^{2}+(-ea-ia+db+gc-ie+hf)x$
$+(ie-hf)a+(gf-id)b+(hd-ge)c$,
$g(x)=\det(V-xI)$ $=$ $x^{2}+(-j-m)x+mj-lk$ .
7
2. ,
$h(x, y)= \mathrm{n}\mathrm{u}\mathrm{m}\mathrm{e}\mathrm{r}\mathrm{a}\mathrm{t}\mathrm{o}\mathrm{r}(g(\frac{x}{y}))$ .
3. $W$ , ,
$\det(W-xI)=\mathrm{r}\mathrm{e}\mathrm{s}_{y}(f(y), h(x, y))$ or $-\mathrm{r}\mathrm{e}\mathrm{s}_{y}(f(y), h(x, y))$ .












$A(x_{0}+px_{1}+p^{2}x_{2}+\cdots)=v$ mod $p^{\alpha}$ .
$A$ $\mathrm{m}\mathrm{o}\mathrm{d} p$ – $\mathrm{L}\mathrm{U}$
$Ax_{0}$ $=v$ mod $p$





. , $P$ .
7.2
$n\cross n$ $A$ $\det(A)$ .[11]




$u_{n}=(a_{n,1}, \ldots, a_{n,n})$ , $v_{1}=(a_{1,1}, \ldots, a_{n,1}),$ $\ldots,$ $v_{n}=(a_{1,n}, \ldots, a_{n,n})$ ,
, Hadamard





. , [3] .
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$H_{2}$ . $\mathbb{Z}/p\mathbb{Z}$ ” ”
, Hessenberg . , ”
” Hessenberg
.
$n$ pivot $a(k, k)$
$\alpha=\frac{a(i,k)}{a(k,k)}$
$a(i,j)arrow a(i,j)-\alpha a(k,j)$ $j=k+1,$ $\ldots,$ $n$
9
,$a(m, k)arrow a(m, k)+\alpha a(m, i)$ $m=1,$ $\ldots,$ $n$
.
, Hessenberg $\mathbb{Z}/p\mathbb{Z}$ .
. .





– . , $-$
I
. GMRES . $v$
$A^{k}v$ $\mathbb{Z}/p\mathbb{Z}$
$(v|Av|\cdots|A^{n-1}v)=-A^{n}v$
– . $c_{n-1},$ $\cdots,$ $\mathrm{c}_{0}$ .
Hensel .
,












1 , 2. 3. 1.
.[1] 1
, 1. . , 1.
. Pdearson [13] ,
.
8. 1 Strum





$f(x)$ $f’(x)$ $f(x)$ ,






1. $f1(x)=f(x)/\mathrm{g}\mathrm{c}\mathrm{d}(f(x), f’(x))$ .
2. $f_{j}(x)$ $f_{j}(x)$ 1
$f_{\mathrm{j}+1}(x)=f_{j}’(x)/\mathrm{g}\mathrm{c}\mathrm{d}(f_{j}’(x), f_{j}’’(x))$ .
3. $f_{j+1}(x)$ 1 .
.
$\bullet$ $f_{j}(x)$ . $f1(x)$ $f(x)$ .
$\bullet$ $f_{j}(x)$ $f_{j+1}(x)$ .
$\bullet$ $j=1,2,$ $\ldots,$ $k-1$ , $\alpha,$ $\beta$ $f_{j+1}(x)$ . $f_{j}(x)$ $(\alpha,\beta)$ 1
. $f_{j}(x)$ $f_{j}(\alpha)$ $f_{j}(\beta)$ .





$a_{0},$ $a_{1},$ $\cdots,$ $a_{n}$ ( $0$ ) $W$ , $f(x)$
( $0$ ) $W$ . , $W$ $0$
. $W$ 1 , 1 . $W$ 2 ,
. , .
$xarrow 1/(x+1)$ , $x$ $(0, \infty)$ ,
$(0,1)$ . , $xarrow x+1$ , $x$ $(0, \infty)$
, $(1, \infty)$ . ,
$x=1$ $xarrow x+1$ check
. $0$ 1 .




, $a_{\alpha},$ $a_{\beta},$ $a_{\gamma},$ $\cdots$
$G_{4}=2 \max[(|a_{\alpha}|)^{1/\alpha}, (|a_{\beta}|)^{1/\beta}, (|a_{\gamma}|)^{1/\gamma}, \cdots]$
.[6] , $xarrow 1/x$ .
$x=10^{100\mathfrak{X}000}$ .
9
, Intel Xeon 2. $8\mathrm{G}\mathrm{H}\mathrm{z}$ , Memory $2\mathrm{G}\mathrm{B}\mathrm{y}\mathrm{t}\mathrm{e}$ . $1000\cross 1000$
. 1 10 .
. II ,
24 45 . I , 1 . ,
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